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[57] ABSTRACT 
The present invention is directed to certain 3,5 substi 
tuted, 4,5~dihydroisoxazoles, and methods for their use. 
These compounds are transgulatminase inhibitors, and 
are particularly effective in the inhibition of epidermal 
transglntaminase and the treatment of acne. 

32 Claims, N0 Drawings 
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3,5-SUBSTITUTED 4,5-DIHYDROISOXAZOLES AS 
TRANSGLUTAMINASE INHIBITORS 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. pa 
tent application Ser. No. 839,743, ?led March 14, 1986, 
now abandoned and assigned to the assignee of the 
instant invention. The parent application, Ser. No. 
839,743, is hereby fully incorporated by reference into 
this continuation-impart application. 

BACKGROUND OF THE INVENTION 

Transglutaminases are a family of enzymes that cata 
lyze the calcium-dependent, post-translational modi? 
cation of the 'y-carboxamide group of peptide-bound 
glutamine residues. A key intermediate in the catalysis 
is a thioester acyl-enzyme complex. An e-amino group 
of peptide-bound lysine is the acyl acceptor in protein 
crosslinking reactions: 

Alternatively, a free amine, such as putrescine, may act 
as an acyl acceptor resulting in the post-translational 
modi?cation of proteins. 

Transglutaminases have been implicated in a variety 
of disease states, including acne and cataracts. For ex 
ample, regarding the acne state, changes in transg 
lutaminase activity during comedogenesis have been 
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demonstrated by DeYoung et al., in J. Investigative . 
Dermatology, 82, 275 (1984). These investigators have 
demonstrated that in early acne lesions there is intense 
transglutaminase activity in the involved sebaceous 
follicles. In normal follicles no such activity is observed. 
Furthermore, Dalziel et al., in Br. J. Exp. Pathology 65, 
107-115 (1984) have shown that the corni?ed cell enve 
lope, a product of transglutaminase activity, produces 
chronic in?ammation when intradermally injected. The 
corn?ed envelope is responsible for the rigid, resistant 
structure of differentiated squamous cells. The corni?ed 
envelopes in acne comedones play an important role in 
the resistant cohesive nature of these structures and in 
their in?ammatory potential upon rupture. Therefore, a 
need exists for an inhibitor of transglutaminase effective 
in the suppression of comi?ed envelope formation. 

_ With regard to psoriasis, Bernard et al. in British 
Journal of Dermatology, 114, 279 (1986) have demon 
strated, by histochemical activity staining, the preco 
cious distribution of transglutaminase activity down to 
the suprabasal layer of involved psoriatic epidermis. In 
addition, the distribution of involucrin, one of the major 
substrates for epidermal transglutaminase, matches the 
distribution of transglutaminase activity. Thus, in psori 
asis, there is an apparent loss of integrated control of 'the 
independent pathways for terminal differentiation of 
keratinocytes, and the onset of involucrin and transg 
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2 
lutaminase activity is favored. A need exists for effec 
tive transglutaminase inhibitors to modulate the ele 
vated transglutaminase activity in psoriatic epidermis. 

Hereditary cataractous rat lenses show signi?cantly 
elevated transglutaminase activities (2.7 to 17.7 times 
higher speci?c activities for young and old animals 
respectively). See, Azari, P. et al., Current Eye Res, 1, 
463 (1981). 

Previously reported inhibitors of transglutaminase 
include alternate substrate inhibitors, covalent inactiva— 
tors and active site directed inhibitors. The alternate 
substrate inhibitors include alkyl primary amines, such 
as monodansylcadaverine, and alternative acyl-donors, 
such as beta-phenyl propionylthiocholine. These inhibi 
tors prevent protein crosslinking, but do not prevent 
post-translational modi?cation of proteins. They suffer 
from the drawback that they are effective only in rela 
tively high concentrations, i.e., at lO-3M or higher. 
The covalent inhibitors include alkyl isocyanates, such 
as (CH3)2——CH—CH2-~N=C:O, as titrants of active 
site cysteine residues, but these lack speci?city for 
transglutaminases. An active site directed inhibitor is 
cystamine, which lacks speci?city for transglutaminases 
and is effective only at concentrations of greater than 
l0—3M. 
Accordingly, a need exists for speci?c and potent 

inactivators of transglutaminases, and particularly of 
epidermal transglutaminase. 

SUMMARY OF THE INVENTION 

One aspect of the invention relates to compounds 
having the formula: 

(I) 

or an optical isomer thereof, or a pharmaceutically 
acceptable salt thereof, wherein: 
R1 and R2, together with the nitrogen atom to which 

they are attached, represent phthalimido; or R1 and R3 
together form -—CI-I2—-CH2—CH2-- or CH2— 
CHOH—CH2; or R1, R2 and R3 are de?ned as follows: 
R1 is hydrogen or methyl; 
R2 is selected from the group consisting of: 
(1) hydrogen; 
(2) alkyl; 
(3) lower alkyl sulfonyl; 
(4) aryl sulfonyl; 
(5) aryl sulfonyl substituted with lower alkyl on the 

aryl moiety; 
(6) 9-?uorenylmethyloxycarbonyl, succinyl or cin 

namoyl; 
(7) a radical of the formula: 

wherein: 
R9 is hydrogen; alkyl of l to 4 carbon atoms; aryl; aryl 

substituted with up to 2 substituents where the 
substituents are independently halo, lower alkyl, 
alkoxy, nitro, trifluoromethyl, carboxyl, or alkoxy 
carbonyl; aralkyl; pyridinyl; furanyl; alkoxy; aral 
koxy; aralkoxy substituted on the aryl radical with 
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up to 2 substituents where the substituents are inde 
pendently halo, lower alkyl, alkoxy, nitro, or triflu 
oromethyl; adamantyloxy; aralkylamino; or aralkyl 
substituted on the aryl radical with up to 2 substitu 
ents where the substituents are independently hy 
droxy, alkoxy or halo; and 

(8) a radical of the formula 

(III) 

2-D: 
RIO 

wherein: 

R10 is independently hydrogen, alkyl or the radical 
de?ned by formula (II) above; 

R11 is selected from the group consisting of: hydro 
gen; lower alkyl; —(CHR12)mWR13 wherein m is l 
or 2, W is oxygen or sulfur and R12 and R13 are 
independently hydrogen or methyl; —CH(CH 
3)—-OCH2C6H5; -—-(CH2)kC(O)Y wherein k is l or 
2 and Y is hydroxy, amino, alkoxy, or aralkoxy; 
—(CH2)pNHCH(NHR14)NR15 wherein p is 2,3, or 
4 and R14 and R15 are independently hydrogen or 
lower alkyl; —(CH2)qNH2 wherein q is 2, 3, 4, or 5; 
—(CH2)4NHC0OC(CH3)3; —(CH2)2 
CHOHCHZNHZ; a radical of formula 

RIS R17 

wherein r is l or 2 and R16, R17 and R18 are inde 
pendently hydrogen, hydroxy, halo, methoxy, 
lower alkyl, halo lower alkyl, amino, N-protected 
amino, guanidino, nitro, cyano, —COOH, 
—CONH2, —COOR’” where R'” is lower alkyl or 
—OR* where R* is an O-protecting group; and a 
radical chosen from 

R19 “CH2 

Z 
N 

A = in ‘ N R20 N 
R22/ R22/ 

R19 

“CH2 

“CH; 
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4 
—continued 

—CHZ 

R21 

wherein R19 and R20 are independently hydrogen, 
lower alkyl, halo or tri?uoromethyl alkyl; R21 is 
hydrogen, hydroxy or methoxy; and Z is hydro 
gen, hydroxy, or —OR* where R* is an O-protect 
ing group; R22 is hydrogen or an N-protecting 
group for imidazole or indole functionalities; 

R3 is independently selected from the group recited 
for RU above; 
X is selected from the group consisting of: halo; 

—OR, —SR, -S(O)R, —S(O2)R, —S(O)2NH2 or —S 
(O)2NHR wherein R is lower alkyl mono-, di- or tri~ 
fluoro alkyl of 2 or 3 carbon atoms, aryl, or optionally 
substituted aryl; —NR’R” wherein R’ and R" are inde 
pendently hydrogen, lower alkyl, or aryl; and 

EN 

A second aspect of the invention relates to active 
intermediates in the synthesis of the compound of For 
mula (I). 
A third aspect of the invention is a method for treat 

ing acne or cataracts in mammals, and most particularly 
in humans, wherein said method comprises administer 
ing a therapeutically effective amount of the compound 
of Formula I to a subject in need thereof. 
A fourth aspect of the invention is a method for treat 

ing psoriasis in humans wherein said method comprises 
administering a therapeutically effective amount of the 
compound of Formula (I). 
A ?fth aspect of the invention is a pharmaceutical 

composition which comprises a compound of Formula 
(1) and a pharmaceutically acceptable excipient. 
A sixth aspect of the invention is the processes for 

preparing a compound of Formula (I). 

DETAILED DESCRIPTION AND PREFERRED 
EMBODIMENTS 

De?nitions 

For the purposes of this invention, the following 
terms are to be understood to have the meanings set 
forth below. 

“Alkyl” means a branched or unbranched, saturated 
aliphatic hydrocarbon radical, having the number of 
carbon atoms speci?ed, or if no number is speci?ed, 
having up to 8 carbon atoms. The pre?x “alk-” is also 
indicative of a radical having up to 8 carbon atoms in 
the alkyl portion of that radical, unless otherwise speci 
?ed. Examples of alkyl radicals include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, tert-butyl and the like. The 
terms “lower alkyl” and “alkyl of l to 4 carbon atoms” 
are synonymous, and used interchangeably‘ 
“Alkoxy” means an alkyl radical of up to 8 carbon 

atoms unless otherwise speci?ed, that is attached to an 
oxygen radical, which is in turnattached to the struc 
ture provided. Examples are, methoxy, ethoxy, 
propoxy, n-butoxy, isobutoxy, tert-butoxy, n-pentoxy, 
n-hexoxy, n-heptoxy, n-octoxy, and the like. 
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“Alkoxycarbonyl” means an alkoxy radical (as de 
?ned above) attached to a carbonyl radical, which in 
turn is attached to the structure provided. Examples are 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
n-butoxycarbonyl, isobutoxycarbonyl, tert-butoxycar 
bonyl, n-pentoxycarbonyl, n-hexoxycarbony'l, n-hep 
toxycarbonyl, n-octoxycarbonyl, and the like. 

“Aralkoxy” means an aralkyl radical (as de?ned be 
low) that is attached to an oxygen radical, which is in 
turn attached to the structure provided. Examples are 
benzyloxy, naphthylmethoxy, and the like. 

“Aralkyl” means an aryl group (as de?ned below) 
attached to a lower alkyl radical, which is in turn at 
tached to the structure provided. Examples are, benzyl, 
naphthylmethyl, and the like. 

“Aryl” means phenyl, l-naphthyl or 2-naphthyl. 
“Boc” means t-butyloxycarbonyl. 
“BOC-ON” is [2-(tertbutoxycarbonyloxyimino)-2 

phenylacetylnitrile]. 
“Cbz” means benzyloxycarbonyl. 
“DCC” means N,N’-dicyclohexylcarbodiimide. 
“DMAP” means 4-dimethylaminopyridine. 
“EDCI” means l-(3-dimethylaminopropyl)-3-ethyl 

carbodiimide. 
“Fmoc” means 9-fluorenylmethyloxycarbonyl. 
“Halo” means bromo, chloro, fluoro or iodo. 
“N-Protecting groups” can be considered to fall 

within ?ve classes: N-acyl, N-alkoxycarbonyl, N-aryl 
methoxycarbonyl, N-arylmethyl, and N-arylsulfonyl 
protecting groups. An -N-acyl protecting group is a 
lower alkyl carbonyl radical, a tri?uoroacetyl radical. 
An N-alkoxycarbonyl protecting group is a lower alk 
oxycarbonyl radical. An N-arylmethoxycarbonyl pro 
tecting group is a 9-fluoroenemethoxycarbonyl radical 
(Fmoc); or benzyloxycarbonyl radical which can op 
tionally be substituted on the aromatic ring with p 
methoxy, p-nitro, p-chloro, or o-chloro. An N-aryl 
methyl protecting group is a benzyl radical, which can 
optionally be substituted on the aromatic ring with 
p-methoxy, p-nitro, or p-chloro. An N-arylsulfonyl 
protecting group is a phenylsulfonyl radical, which can 
optionally be substituted on the aromatic ring with 
p-methyl (“tosyl”) or p-methoxy. 

“N-Protecting groups” for imidazole functionalities 
on histidine amino acid side chains are known in the art, 
and described in “The Peptides,” Vol. 3, pp. 70-80, and 
“Chemistry of the Amino Acids,” Vol. 2, pp. 
1060-1068, as cited earlier. These include the benzyl, 
triphenylmethyl (trityl), 2,4-dinitrophenyl, p 
toluenesulfonyl, benzoyl, and Cbz N-protecting groups. 

“N-Protecting groups” for indole functionalities on 
tryptophan amino acid side chains are known in the art 
and described in “The Peptides,” Vol. 3, pp. 82-84, as 
cited earlier. These include the formyl and Cbz N 
protecting groups. 

“O-Protecting groups” for hydroxy functionalities on 
amino acid side chains are known in the art and de 
scribed in “The Peptides,” Vol. 3, pp. 169-201, and 
“Chemistry of the Amino Acids,” Vol. 2, pp. 
1050-1056, as cited earlier. For aromatic hydroxy func 
tionalities, suitable O-protecting groups include the 
benzyl, acetyl, tert-butyl, methyl, Cbz, and tosyl 
groups. 

“N-Protecting groups” for amine functionalities are 
well known in the art, and include Boc, Cbz, Fmoc, 
phthaloyl, benzoyl, mesyl, tosyl, and the like. 

“Optional” or “optionally” means that the subse 
quently described event or circumstance may or may 
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not occur, and that the description includes instances 
where said event or circumstance occurs and instances 
in which it does not. For example, “optionally substi 
tuted phenyl” means that the phenyl may or may not be 
substituted and that the description includes both un 
substituted phenyl and phenyl wherein there is substitu 
tion; “optionally followed by converting the free base 
to the acid addition salt” means that said conversion 
may or may not be carried out in order for the process 
described to fall within the invention, and the invention 
includes those processes wherein the free base is con 
verted to the acid addition salt and those processes in 
which it is not. 

“Optionally substituted aryl” means aryl, aryl con 
taining l to 5 fluoro substituents; or aryl containing 1 to 
3 substituents, where the substituents are independently 
selected from the group consisting of alkoxy, alkyl, 
nitro, tri?uorornethyl, —-COOH, —COOR"' wherein 
R’” is lower alkyl or —CON2H. 

' “Pharmaceutically acceptable acid addition salt” 
refers to those salts which retain the biological effec 
tiveness and properties of the free bases and which are 
not biologically or otherwise undesirable, formed with 
inorganic acids such as hydrochloric acid, hydrobromic 
acid, sulfuric acid, nitric acid, phosphoric acid and the 
like, and organic acids such as acetic acid, propionic 
acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, 
malonic acid, succinic acid, maleic acid, fumaric acid, 
tartaric acid, citric acid, benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic 

' acid, p-toluenesulfonic acid, salicylic acid and the like. 
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“Phthalimido” in the claims and this disclosure means 
that R1, R2 and the nitrogen to which they are attached 
together form the structure: 

The compounds of this invention are named as 3,5 
substituted 4,5-dihydroisoxazoles, where the oxygen 
atom of the isoxazole ring is numbered as l, and the 
nitrogen atom of that ring is numbered as 2. The radical 
that is substituted at the 5 position is named in the order 
of: amino protecting group (if any); amino acid residue; 
“amido,” representing the nitrogen linkage between the 
carboxy terminus of the amino acid residue and the 
remainder of the molecule; and ?nally, the radical 
bonded to the dihydroisoxazole ring. For example, the 
name 5-[benzyloxycarbonyl-(L-phenylalanine) 
amidomethyl1-3-chloro-4,S-dihydroisoxazole represents 
the compound represented by the structure: 

CH3 

0 H 
I 
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Preferred Embodiments 

Preferred embodiments are compounds of Formula 
(I) wherein R1 is hydrogen; R2 is a radical of Formula II 
as set forth in the Summary above, wherein R9 is se 
lected from: pyridinyl; aryl; aryl substituted with up to 
2 substituents where the substituents are independently 
halo, lower alkyl, alkoxy, nitro, triiluoromethyl, car 
boxyl or alkoxycarbonyl; aralkyl; alkoxy; aralkoxy; and 
aralkoxy substituted on the aryl radical with up to 2 
substituents independently selected from halo, lower 
alkyl, alkoxy, nitro, and trifluoromethyl; adamantyloxy; 
aralkylamino; aralkyl substituted on the aryl radical 
with up to 2 substituents where the substituents are 
independently hydroxy, alkoxy, or halo; or R2 is a radi 
cal of Formula III as set forth above, wherein R10 is 
commensurate with the scope of Formula II as set forth 
above in this paragraph; or R1 and R2 together with the 
nitrogen to which they are attached, represent 
phthalimido; and X is halo, -—OR, —SR, -S(O)R, 
——S(O)2R, —S(0)2NH2, or —-S(O)2NHR wherein R is 
aryl or optionally substituted aryl. 
More preferred are those preferred compounds as 

de?ned in the immediately preceding paragraph, but 
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8 
wherein R9 is alkoxy; aralkoxy; aralkoxy substituted on 
the aryl radical with up to 2 substituents independently 
selected from halo, lower alkyl, alkoxy, nitro, and triflu 
oromethyl; adamantyloxy; aralkylamino; aralkyl; aral 
kyl substituted on the aryl radical with up to 2 substitu 
ents where the substituents are independently hydroxy, 
alkoxy, or halo; and wherein R10 is commensurate with 
the scope of Formula II as de?ned in this paragraph (in 
accordance with the more preferred de?nition of R9 as 
set forth in this sentence); and X is halo. 
Most preferred are those more preferred compounds 

as de?ned in the immediately preceding paragraph, but 
R9 is aralkoxy; aralkoxy substituted on the aryl ring 
with a substituent selected from halo or alkoxy; aralkyl; 
aralkyl substituted on the aryl radical with up to 2 sub 
stituents where the substituents are independently hy~ 
droxy, alkoxy, or halo; and wherein R10 is commensu 
rate with the scope of Formula II as de?ned in this 
paragraph (in accordance with the most preferred de? 
nition of R9 as set forth in this sentence); and X is chloro 
or bromo. 

Generally, 5-S stereochemistry is preferred. 
Speci?cally preferred compounds are set forth in the 

following table and named below: 
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5'(N-para-methoxybenzyloxycarbonyl-L 
tyrosinamidomethyD-5-(S)-3-chloro-4,S-dihydroisox 
azole; 

5-[N-[2-(S)-(6-methoxy-2naphthyl)-propionyl]-L 
tyrosinamidomethyl]5-(S)-3-chloro-4,5-dihydroisox 
azole; 

S-[N-(Z-naphthyl-acetyl)-L-tyrosinamidomethyl-5-(S) 
3-chloro-4,S-dihydroisoxazole; 

S-[N-(l-Naphthyl-acetyl)-L-tyrosinamidomethyl]-5-(S) 
3-chloro-4,S-dihydroisoxazole; 

S-(N-isobutyloxycarbonyl-L-phenylalaninamidome 
thyl)-3-bromo-4,S-dihydroisoxazole; 

5-(N-succinyl-L-phenylalaninamidomethyl)-3-bromo 
4,5-dihyclroisoxazole; 

5-(N-benzyloxycarbonyl~L-threonyl-L 
phenylalaninamidomethyl)-3-bromo-4,5-dihydroisox— 
azole; 

5-[N-cinnamoyl-L-phenylalaninamidomethyl)-3 
bromo-4,5-dihydroisoxazole; . 

5-[N-(2(S)-6-methoxy-2-naphthylpropionyl)-L 
phenylalaninamidomethyl1-3-bromo-4,5-dihydroisox 
azole; 

5-[N-(2(5)-6-methoxy-Z-naphthylpropionyl)-L 
phenylalaninamidomethyl]-5-(R)-3-bromo-4,5~dihy 
droisoxazole; 

5-[N-(2-(S)-6-methoxy-2-naphthylpropiony1)-L 
phenylalaninamidomethyl]-5-(S)-3-bromo-4,S-dihy 
droisoxazole; 

5-(N-adamantyloxycarbonyl-L-phenylalaninamidome 
thyl)-3-bromo-4,S-dihydroisoxazole; 

5-(N-Z-chlorobenzyloxycarbonyl-L 
phenylalaninamidomethyl)-3-bromo-4,5-dihydroisox 
azole; 

5-[N-(4-methoxybenzyloxycarbonyl)-L 
_ phenylalaninamidomethyl]-3~bromo-4,S-dihydroisox 

azole; 
5-[N~(4-methoxybenzyloxycarbonyl)-L~ 

phenylalaninamidomethyl]-5-(R)-3-bromo-4,5-dihy 
droisoxazole; 

5-[N-(4-methoxybenzyloxycarbonyl)-L 
phenylalaninamidomethyl]-5-(S)-3-bromo-4,5-dihy 
droisoxazole; 

5-(N-tertbutoxycarbonyl-glycyl-L» 
phenylalaninamidomethyl)-3-bromo-4,5-dihydroisox 
azole; 

S-(N-a-benzyloxycarbonyl-L-lysinamidomethyl)-3 
bromo-4,S-dihydroisoxazole oxalic acid; 

5-(g1ycyl-L-phenylalaninamidomethyl)-3-bromo-4,5 
dihydroisoxazole oxalate salt; 

5-(N-(6-methoxynaphthylacetyl)-L 
phenylalaninamidomethyD-3-chloro-4,5-dihydroisox 
azole; and 

5-(N-(6-methoxynaphthylacetyl)-L-tyrosinamidome 
thyl)-3-chloro-4,S-dihydroisoxazole. 
In particular, the most polar diastereomer of S-(N 

benzyloxycarbonyl-L-para-tyrosinamidomethyl)-3 
chloro-4,S-dihydroisoxazole is presently the most pre 
ferred compound. It has 5-S stereochemistry (noted by 
the insertion of “-5-(S)-” before “-3-chloro”), meaning 
that at C-5 of the isoxazole ring the (S) orientation is 
preferred. 

Utility and Administration 

The compounds of Formula (I) are useful for treating 
mammals, particularly humans, whichhave a disease 
state characterized by elevated transglutaminase activ 
ity. Such disease states are exempli?ed by acne, psoria 
sis and cataracts. The compounds of Formula (I) are 
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20 
particularly valuable because they are more potent and 
more selective than other known transglutaminase in 
hibitors. Further, the compounds of Formula (I) irre 
versibly inhibit transglutaminase. 
The transglutaminase inhibitory activity of the com 

pounds of this invention can be determined in vitro by 
accepted procedures described in the literature. See, 
e.g., DeYoung and Ballaron, J. of Invest. Dermatology, 
79, (1982). 
To determine the utility of the compounds of For 

mula (I) for treating acne in mammals, one can use the 
procedures described by DeYoung, et al. Another 
model examined is the Mexican hairless beagle dog, a 
procedure for which is set forth in Example 10. Many of 
these animals demonstrate a spontaneous acne-like con 
dition with lesions similar to human open and closed 
comedones (Bedord, et al., J. Invest. Dermatology, 77, 
1981). 
To determine the utility of the compounds of For 

mula (I) for treating psoriasis in humans, the procedure 
of Example 13 can be followed. 
The compounds of this invention are administered to 

a mammal in need thereof in a therapeutically effective 
dose. Such a close is an amount suf?cient to treat the 
disease state, i.e. inhibit transglutaminase. 
While the components of this invention may be ad 

ministered in any acceptable mode, they are best admin 
istered topically in combination with a suitable pharma 
ceutical excipient. Such a combination will include a 
therapeutically effective amount of a compound of for 
mula (I), e.g., about 0.01% to about 10% by weight, 
with the rest being excipient(s). 
For the treatment of acne, the preferred manner of 

administration is topically using a convenient dosage 
form which can be readily applied to skin and will main 
tain the active compounds there until bene?cial action 
can occur. For such topical administration, a pharma 
ceutically acceptable non-toxic formulation can take the 
form of semisolid, liquid, or solid, such as, for example, 
gels, creams, lotions, solutions, suspensions, ointments, 
powders, or the like. As an example, the active compo 
nents may be formulated into a gel using ethanol, propy 
lene glycol, propylene carbonate, polyethylene glycols, 
diisopropyl adipate, glycerol, water, etc., with appro 
priate gelling agents, such as Carbomers, Klucels, etc. If 
desired, the formulation may also contain minor 
amounts of non-toxic auxiliary substances such as pre 
servatives, antioxidants, pH buffering agents, surface 
active agents, and the like. Actual methods of preparing 
such dosage forms are known, or will be apparent, to 
those skilled in this art; for example, see Remington’s 
Pharmaceutical Sciences, Mack Publishing Company, 
Easton, Pennsylvania, 15th Edition, 1975. 
The formulation will preferably contain from about 

0.01 to about 10% (w/w) active component. Applica 
tion will preferably be from 1 to 4 times daily for peri 
ods up to about 6 months. Dosage and frequency will of 
course depend on the severity of the patient’s acne and 
the judgment of the patients physician; however, a pref 
erable regimen would be twice daily application of a 
formulation containing 2.5% active component. 
When the compound is desired to diminish the condi 

tions of cataracts, it may be administered topically di 
rectly to the eye in the form of drops of sterile, buffered 
ophthalmic solutions of pH 7.2-7.8. The administration 
can be conducted in single unit dosage form with con 
tinuous therapy or in single unit dosage therapy ad 
libitum. The formulation will preferably contain about 
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0.01% to about 10% (w/w) of a compound of Formula 
(I) with the remainder being suitable pharmaceutical 
excipients. 

METHODS OF PREPARATION 

The compounds of formula (I) are prepared by per 
forming a sequence of reactions shown in Reaction 
Schemes I, II and III. Reaction Scheme I is preferred 
when a mixture of isomers is desired. Otherwise, Reac 
tion Scheme II or III is used. The compounds of this 
invention are made by performing a (2+3) cycloaddi 
tion reaction between a preformed alkene substrate, 
such as 4 in Reaction Scheme I or 6 in Reaction Scheme 
II, and a halo-nitrile oxide (Step C in Reaction Scheme 
I and Step E in Reaction Scheme II) which is prepared 
in situ from the corresponding dibromoformaldoxime 
according to the general methods of P. A. Wade, M. K. 
Pillay, and S. M. Singh, Tetrahedron Lett., 1982, 4563; 
R. V. Stevens and R. P. Polniaszek, Tetrahedron Lett., 
1983, 743; D. M. Vyas, Y. Chiang, and T. W. Doyle, 
Tetrahedron Lett., 1984, 487; and A. A. Hagedorn, B. J. 
Miller, and J. O. Nagy, Tetrahedron Lett., 1980, 229. 
The reagent dichloroformaldoxime is made according 
to the method of E. G. Trochimowski, K. Dymowski, 
and E. Schmidt, Bull. Soc. Chim. Fra. 1948, 597. Fur 
ther derivatives such as esters, amides, peptides, etc., of 
the resulting 3-halo-4,5-dihydroisoxazole products 7, 
and 8, are made by standard peptide methodologies as 
found in “The Peptides: Analysis, Synthesis, and Biol 
ogy”, Vol. 1, 1979, Gross and Meienhofer, Ed., and 
“Chemistry of the Amino Acids”, Vol. 2, 1961, Green 
stein and Winitz, Ed., John Wiley and Sons. 
An N-protected peptide or N-protected alpha-amino 

acid ole?nic- amide is made by coupling an ole?nic 
amine and the N-protected peptide or N-protected al 
pha-amino acid with isobutyl chloroformate/N-methyl 
piperidine (see “The Peptides . . . ”, above) or with 
EDCI/DMAP (see M. K. Dhaon, R. K. Olsen, and K. 
Ramasamy, J. Org. Chem., 1982, 47, 1962). The result 
ing unsaturated amide is then taken up in ethyl acetate 
containing a minimum amount of water and an excess of 
NaHCOg and treated with portions of dibromoforrnal 
doxime as described by Vyas, et al. Work-up and puri? 
cation on silica gel gives the desired 3-bromo-4,5-dihy 
droisoxazoles. For the chloro analogs, the general pro 
cedure involves the addition of small portions of 
AgNO3 to a tetrahydrofuran (TI-IF) solution at a tem 
perature between about 60° C. and about 65° C. contain 
ing dichloroformaldoxime and the alkene. Standard 
work-up as described by Wade, et al. gives the desired 
3-chloro-4,S-dihydroisoxazoles. The chloro analogs can 
also be prepared by performing an halogen exchange 
reaction with the 3-bromo-4,S-dihydroisoxazoles and a 
saturated HCl ether solution (see also K. C. Kelly, I. 
Schletter, S. J. Stein, W. Wierenga, J. Am. Chem. Soc., 
1979, 101, 1054). 

Isolation and puri?cation of the compounds and in 
termediates described herein can be effected, if desired, 
by any suitable separation or puri?cation procedure 
such as, for example, ?ltration, extraction, crystalliza 
tion, column chromatography, thin-layer chromatogra 
phy or thick-layer chromatography, or a combination 
of these procedures. Speci?c illustrations of suitable 
separation and isolation procedures can be had by refer 
ence to the Examples. However, other equivalent sepa 
ration or isolation procedures could, of course, also be 
used. 
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The salt products are also isolated by conventional 

means. For example, the reaction mixtures may be evap 
orated to a dryness, and the salts can be further puri?ed 
by conventional methods. 
The compounds of Formula I in free base form may 

be converted to the acid addition salts by treating with 
a stoichiometric excess of the appropriate organic or 
inorganic acid, such as, for example, phosphoric, py 
ruvic, hydrochloric or sulfuric acid and the like. Typi 
cally, the free base is dissolved in a polar organic sol 
vent such as ethanol or methanol, and the acid added 
thereto. The temperature is maintained between about 
0° C. and 100° C. The resulting acid addition salt precip 
itates spontaneously or may be brought out of solution 
with a less polar solvent. 
The acid addition salts of the compounds of Formula 

I may be decomposed to the corresponding free base by 
treating with a stoichiometric excess of a suitable base, 
such as potassium carbonate or sodium hydroxide, typi 
cally in the presence of aqueous solvent, and at a tem 
perature of between about 0° C. and 100° C. The free 
base form is isolated by conventional means, such as 
extraction with an organic solvent. 

Salts of the compounds of Formula I may be inter 
changed by taking advantage of differential solubilities 
of the salts, volatilities or acidities of the acids, or by 
treating with the appropriately loaded ion exchange 
resin. For example, the interchange is effected by the 
reaction of a salt of the compounds of Formula I with a 
slight stoichiometric excess of an acid of a lower pKa 
than the acid component of the starting salt. This con 
version is carried out at a temperature between about 0° 
C. and the boiling point of the solvent being used as the 
medium for the procedure. 
The salt derivatives of the compounds of Formula I 

are prepared by treating the corresponding free acids of 
the compounds of Formula I with at least one molar 
equivalent of a pharmaceutically acceptable base. Rep 
resentative pharmaceutically acceptable bases are so 
dium hydroxide, potassium hydroxide, ammonium hy 
droxide, calcium hydroxide, trimethylamine, lysine, 
caffeine, and the like. The reaction is conducted in wa 
ter, alone or in combination with an inert, water-misci 
ble organic solvent, at a temperature of from about 0° C. 
to about 100° C., preferably at room temperature. Typi 
cal inert, water-miscible organic solvents include meth 
anol, ethanol, or dioxane. The molar ratio of com 
pounds of Formula I to base used are chosen to provide 
the ratio desired for any particular salt. 
The compounds of the present invention may be 

prepared in either opitcally active form or as racemates 
or mixtures of diastereomers. Unless otherwise speci 
?ed, the compounds described herein are all in the race 
mic form, or as a mixture of two diastereomers. The 
exception is the m-tyrosine analog since this amino acid 
is readily available commerically in D,L-form in which 
case a mixture of four isomers is obtained. However, the 
scope of the subject invention herein is not to be consid 
ered limited to mixtures of isomers, but to encompass 
the individual optical isomers ,of the compounds. 

In most cases, individual isomers of Formula I are 
separated by semi-preparative HPLC on silica gel, elut— 
ing with ethyl acetate/hexane or other suitable solvents, 
or by performing fractional crystallizations. 

Alternatively, chiral resolutions of intermediates 7 or 
8 with the aid of chiral resolving agents such as man 
delic acid give pure isomers. 
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For each of the Reaction Schemes, R1, R2 and R3 are 
commensurate in scope with the claims. RZX' is a rea 
gent used to introduce an amino protecting group, cor 
responding to R2, onto the amine functionality. X’ is a 
leaving group such as halogen. Suitable such reagents 
and protecting groups are well known to those skilled in 
the art. 
Turning now to Reaction Scheme 1, the starting ma 

terial 2, is an N-protected alpha-amino acid, available 
commercially from Sigma Chemical Co., or other com 
mercial houses, or can be synthesized from the unpro 
tected amino acid 1 by derivatization of the amino 
group as shown in step A of Scheme I. N-alkyl amino 
acids may be obtained from commercial houses in some 
cases or made according to known methods (K. Barlos, 
D. Papaioannou, and D. Theodoropoulos, J. Org. 
Chem., 1982, 47, 1324; D. W. Hansen, Jr. and D. Pili 
panskas, ibid, 1985, 50, 945; Y. Ohfune, N. Kurokawa, 
N. Higuchi, M. Saito, M. Hashimoto and T. Tanaka, 
Chem. Lett. 1984, 441; and F. M. F. Chen. and N. L. 
Benoiton, Can. J. Chem. 1977, 55, 1433). 

Step A in Scheme I is directed to the substitution of 
the alpha-amino group. This step is a widely recognized 
standard operation in amino acid chemistry. For exam 
ple, condensation of the alpha-amino acid 1 with BOC 
ON, with benzyl chloroformate (both available from 
Aldrich Chemical Co.), with mesyl chloride or tosyl 
chloride, provides 2, with R2 being the tert-butoxycar 
bonyl, benzyloxycarbonyl, mesyl or tosyl groups, re 
spectively. Allyl amine 3 is available commercially. 
Formation of the ole?nic amide 4, step (B), involves 

the reaction of an activated version of compound 2. 
This step is a widely recognized standard operation in 
amino acid or peptide chemistry (see “The Peptides”. . 

1O 
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. , above). Hence the carboxyl group of compound 2 is 

activated by reacting with DCC, EDCI, N,N'-car 
bonylcliimidazole, isobutyl chloroformate/N-methyl 
piperidine or N-methyl morpholine, etc. The preferred 
method is the mixed anhydride coupling procedure 
utilizing isobutyl chloroformate/N-methyl piperidine. 
The resulting derivative treated with ole?nic amine 3 
yields the compound 4. 

Step C involves the (2+3) cycloaddition reaction 
. between a nitrile oxide reagent and the substrate ole?n 
4. For example, bromo nitrile oxide is generated in situ 
from dibromoformaldoxime and NaHCO3. Di 
bromoformaldoxime is generated from glyoxic acid, 
hydroxyamine, and bromine in a one pot process ac 
cording to the method of Vyas et al. The cycloaddition 
is carried out in an organic solvent, preferably EtOAc, 
at about 10° C. to about 30° C., but preferably at about 
23° C., with 5 to 10 equivalents of NaHCOg, preferably 
6 equivalents, and containing about 2% to about 5% 
water. The dibromoformaldoxime is added in small 
portions over a 10 to 60 minute interval, preferably 
about 30 minutes. About 2 to about 4 equivalents are 
usually required to convert all of the starting material to 
products (I). 

Isolation and puri?cation of (I) are then accom 
plished by processing the reaction product. Thus, the 
organic phase is washed with water, 5% NaHCO3, 
brine, and dried with MgSO4. Filtration, concentration, 
and crystallization from ethyl acetate/ hexane or chloro 
form/hexane provides crystalline product. Alterna 
tively, puri?cation by chromatography on SiOg may be 
required prior to the crystallization step. 
The bromine atom in the 3-bromo-4,5-dihydroisox 

azoles can be replaced by other groups such as alkoxy, 
alkylthio, alkylamino, or dialkylamino for instance, by 
reaction with sodium or lithium alkoxide, phenoxide, 
alkyl thiolate, phenyl thiolate, alkyl amides, or phenyl 
amides in an organic solvent such as tetrahydrofuran 
(THF) or methanol at about 20° C. to about 50° C. (see 
P. A. Wade J. Org. Chem., 1978, 43, 2020; J. E. Rowe 
and A. F. Hegarty, ibid, 1984, 49, 3083). Other nitrile 
oxide reagents may be employed in the (2+3) cycload 
dition reaction. For example, 3-phenylsulfonyl-4,5 
dihydroisoxazoles are made by reacting benzenesul 
fonylcarbonitrile oxide with ole?nic substrates (see P. 
A. Wade, H. K. Yeu, S. A. Hardinger, M. K. Pillay, N. 
V. Amin, P. D. Vail, and S. D. Morrow, J. Org. Chem, 
1983, 48, 1976, and P. A. Wade, and H. R. Hinney, J. 
Amer. Chem. Soc., 1979, 101, 1320). The —S(O)R and 
—S(O)2R moieties can also be made by oxidizing 3— 
alkylthio- or 3-arylthio-4,S-dihydroisoxazoles with 
meta-chloroperbenzoic acid or with KMnO4. The sul 
fonamide moiety (—S(O)2NH2, —S(O)2NHR) is made 
by chloroamine treatment of 3~thio-4,5-dihydroisox 
azoles followed by oxidation. 

In the case where X is chlorine, the cycloaddition is 
preferably carried out in THF at about 50° C. to about 
70° C., preferably about 60° C., by adding about 4 to 
about 6 equivalents of AgNO3, preferably in small por 
tions to the alkene substrate and the dichloroformaldox 
ime reagent according to the method of Wade, et al. 
After total conversion of starting alkene, CHgClg is 
added, and the reaction mixture is ?ltered through cel 
ite and concentrated. Isolation and puri?cation of prod 
uct proceeds as above. 
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REACTION SCHEME II 

6 

Reaction Scheme II illustrates an alternative se 
quence to generate products of Formula I. Hence, an 
ole?nic amine is treated in step D with R’X’, wherein R’ 
is commensurate in scope with R2 and X’ is a leaving 
group such as halogen, to protect/derivatize the amino 
group. This is accomplished in the same manner as step 
A in Scheme 1. In this case di-tert-butyldicarbonate is 
preferred. Hence, addition of one equivalent of the 
latter reagent to the amine 3 in an organic solvent, pref 
erably ether or CHZClZ, at room temperature gives 6 
after concentration of the reaction mixture. 

Step E involves the (2+3) cycloaddition reaction 
exactly in the same manner as described above. The 
substituent X is preferably replaced at this stage with 
other groups such as methoxy, ethylthio, etc. (when 
X=Br in 7), by treating 7 with the corresponding lith 
mm or sodium methoxide, ethylthiolate, etc., preferably 
in THF or methanol at about 20° to about 50° 0; most 
preferably at about 25° C. 

Step F involves removing the amino protecting 
group, i.e., R’ in 7. In the case where R2 is Boc, this step 
can be accomplished in any of several ways, for exam 
ple, with: 20% CF3CO2H in CHZCIZ; formic acid (neat); 
toluene sulfonic acid in ether or ethyl acetate; or HCl in 
ether, THF, or ethyl acetate. In the case where R2 is 
Cbz, this step is preferably accomplished with 
CF3CO2H in anisole (see R. B. Silverman, M. W. Holla 
day, J. Am. Chem. Soc., 1981, 103, 7357). Other meth 
ods known in the art for the removal of R’ can be used, 
such as hydrogenation, hydrofluoric acid, and the like. 
The amine 8 can be resolved at this stage as the man 
delic acid salt. 

If desired, the intermediates 7 and 8 herein may be 
separated into pure stereoisomers by conventional reso 
lution means; for example by separation (e.g. fractional 
crystallization) of the diastereomeric salts formed by 
the reaction of these compounds with optically active 
acids. Exemplary of such optically active acids are the 
optically active forms of camphor-lO-sulfonic acid, 
2-bromo-camphor-w-sulfonic acid, camphoric acid, 
menthoxyacetic acid, tartaric acid, malic acid, mandelic 
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acid, diacetyltartaric acid, pyrrolidine-S-carboxylic acid 
and the like. 

Step G involves the condensation of the amine 8 with 
an N-protected alpha-amino acid or peptide to give the 
compounds of Formula I, preferably via the mixed 
anhydride method as described above. The reaction can 
be carried out in an appropriate polar organic solvent at 
a temperature of about 0° C. to -20° C. For example, 
N-benzyloxycarbonyl L-phenylalanine in CHgClz at 
—20° C. is treated with N-methyl piperidine or N 
methyl morpholine and then isobutyl chloroformate. 
Amine 8 in CHgClz is then added and the reaction mix 
ture brought to room temperature. Work-up by wash 
ing with water, 5% HCl, 5% NaHCO3, and drying of 
the organic phase gives the desired coupled product. 

REACTION SCHEME III 

(1') 

(H) 

(1) 

Compounds of Formula (I) can also be made by uti 
lizing Reaction Scheme III. In this scheme, a compound 
of Formula (I’) is treated with a deblocking reagent 
such as 20% tri?uoroacetic acid in an organic solvent 
such as CHZClZ at a temperature of between 0° C. to 20° 
C. to generate the tri?uoroacetic acid salt of amine 9. It 
can also be treated with tosic acid in an organic solvent 
at a temperature of between 30° C. to 60° C. (such as 
re?uxing ethyl acetate) to generate the tosic acid salt of 
amine 9. The methodology is the same as in step (P) 
(scheme II). Step (I) involves taking amine 9 in an or 
ganic solvent such as CHZCh at a temperature of be 
tween 0° C. to 20° C. and then treating with RlX’ or 
RZX’ as in step (A) (scheme 1) or step (D) (scheme II) to 
generate target compounds (I) having R2 other than 
Boc. These compounds can also be obtained via scheme 
I or scheme II. 

In the following preparations, N-protected alpha 
amino acids were supplied from commercial houses 
such as Sigma Chemical Co., Chemical Dynamics 
Corp., Bachem Inc., etc., or were prepared by known 
procedures. For example, Cbz (M. Bergman, L. Zervas, 
Ber. Dtsch. Chem. Ges., 1932, 65, 1192; see also Green 
stein and Winitz); Boc (M. Itoh, D. Hagiwara, T. Ka 
miya Tetrahedron Lett., 1975, 4393); Fmoc (L. Lapat 
sanis, G. Milias, K. Froussios, M. Kolovos, Synthesis 
1983, 671). The following experimental details are illus 
trative and should not be understood as limiting the 
scope of the invention. 
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PREPARATION 1 (Step A—Scheme I) 
N-benzyloxycarbonyl-meta-tyrosine 

0 
ll 

0 Cl+ 

OH——> 

OH 
HZN 

OH 
0 

O NH COOH 

To an ice cold aqueous solution of D,L-meta-tyro 
sine, 3.0 gm, was added portion-wise carbobenzoxy 
chloride, 2.6 ml, and NaOH, 4.2 ml, maintaining the pH 
around 9.0. Upon completion of the reaction, the reac 
tion mixture was extracted once with ether, 25 ml. The 
aqueous portion was then acidi?ed to Congo Red with 
5M HCl in a two phase system containing CH2C12. 
Further extraction of the aqueous portion thrice with 
CHZCIZ (25 ml), followed by washing of the combined 
organic extracts with water (20 ml), brine (20 ml), dry 
ing over anhydrous MgSO4, and concentration, gave 
1.8 gm of product. IR (neat): 3500-2400 (broad, OH, 
COOH, NH), 1740-1680 (CO). 1H NMR (80 MHz, 
CDC13): delta 3.05 (AB, 2H, CH2), 4.6 (m, 1H, CH), 5.1 
(s, 2H, PhCHZO), 5.3 (broad d, 1H, NH), 6.25 (broad s, 
2H, OH, COOH), 6.6-7.3 ppm (m, 4H, Ph). 
By substituting other amino acids for D,L-meta-tyro 

sine, other intermediates can be formed having the N 
benzyloxycarbonyl protecting group. For example, any 
naturally occurring amino acid can be used, such as 
glycine, alanine, valine, leucine, isoleucine, serine, thre 
onine, phenylalanine, para- and ortho-tyrosines, trypto 
phan, cysteine, aspartic acid, asparagine, glutamic acid, 
glutamine, histidine, arginine, homoarginine, lysine, 
hydroxyysine, ornithine, homoserine, dihydroxy 
phenylalanine (DOPA), and the like. For those amino 
acids bearing a secondary functionality in the side 
chain, such as amino, carboxyl, hydroyxl, thiol, imidaz 
ole or indole, an additional protecting and deprotecting 
step is required, as is known in the art. Further, syn 
thetic amino acids can be used, such as the substituted 
homoarginines disclosed in US. Pat. No. 4,481,190, to 
Nestor, et al., hereby incorporated fully into this speci? 
cation by reference; or the meta-and para- cyano 
phenylalanine derivatives described by Wagner et al. in 
Pharmazie 29, 12 (1974) and 36, 597 (1981), and which 
serve as precursors to amidine, COOH, CONHZ, etc. 
analogs. 

Additionally, any of a variety of protecting groups 
can be used in conjuction with the above-named (or 
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other) amino acids, including Boc, Cbz, benzoyl, 
toluenesulfonyl, biphenylisopropyloxycarbonyl, o 
nitrophenylsulfenyl, 2-cyano-t-butyloxycarbony1, 
Fmoc, and the like. 

Moreover, R2 can be varied by varying the starting 
material. For example, a dipeptide rather than a single 
amino acid residue can be used in place of the meta 
tyrosine used in this preparation, to yield a protected 
dipeptide of the formula: 

where the substituents are as de?ned in the summary. 
Further, reductive alkylation of an O-protected amino 
acid with a carbonyl reagent such as acetophenone, 
butanal, pentanal, and the like, using sodium cyanobor 
ohydride, for example, will yield corresponding alkyl 
variations of R1 and R2. 
By way of example, the following derivatized amino 

acids are prepared by this preparation method: 
N-benzyloxycarbonyl~L-phenylalanine; 
N-benzyloxycarbonyl-L-para-tyrosine; 
N-benzyloxycarbonyl-L-ortho-tyrosine; 
N-benzyloxycarbonyl-D-naphthylalanine; 
N-benzyloxycarbonyl-D-para-chlorophenylalanine; 
N-tert-butoxycarbonyl-L-phenylalanine; 
N-benzyloxycarbonyl-L-aspartic acid; 
N~benzyloxycarbonyl-N-e-tert-butoxycarbonyl-L 

lysine; 
N-benzyloxycarbonyl-B-benZy1-L-aspartic acid; 
N-acetyl-L-naphthylalanine; 
N-benzyloxycarbonyl-glycine; 
N-benzyloxycarbonyl-L-isoleucine; 
N-[9-fluorenylmethyloxycarbonyl]-L-phenylalanine; 
N-tert-butoxycarbonyl-O-benzyl-L-threonine; 
N-benzyloxycarbonyl-L-threonine; 
N-benzyloxycarbonyl-L-alanyl-L-phenylalanine; 
N-benzoyl-L-phenylalanine; 
N-benzyloxycarbonyl-D-phenylalanine; 
N-benzyloxycarbonyl-L-naphthylmethylglycine; 
N-benzyloxycarbonyl-L-y-glutamine; 
N-phthaloyl-L-phenylalanine; 
N-benzyloxycarbonyl—D,L-meta-tyrosine; 
N-benzyloxycarbonyl-L-meta-tyrosine; 
N-benzyloxycarbonyl-L-Z-methoxyphenylalanine; 
N-benzyloxycarbonyl-L-3-methoxyphenylalanine; 
N-benzyloxycarbonyl-L-3,4-dihydroxyphenylalanine; 
N-benzyloxycarbonyl-L-3-methoxytyrosine; 
N-benzyloxycarbonyl-L-4-methoxyphenylalanine; 
N-benzyloxycarbonyl-L-tryptophan; and 
N-benzyloxycarbonyl-L-S-hydroxytryptophan. 

PREPARATION 2 (Step B—-Scheme I) 

N-benzyloxycarbonyl-L-phenylalanine allyl amide 
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continued N-benzyloxycarbonyl-L-3,4-dihydroxyphenylalanine 
allyl amide; 

N-benzyloxycarbonyl-L-tryptophan allyl amide; 
N-benzyloxycarbonyl-L-3-methoxytyrosine allyl am 

5 ide; 
_ _ _ N-benzyloxycarbonyl-L-S-hydroxytryptophan allyl 

Cbz_NH NH CH2 CH-CHZ amide; 

1', N-benzyloxycarbonyl-L-phenylalanyl-L-alanine allyl 
amide; and 

The following experimental details are exemplary of 10 N'benzyloxycm'bonyl-L-alanyl'L'phenylalamne allyl 
the olei'mic amide preparations and derivations of the 
3-halo-4,5-dihydroisoxazoles. 

Allyl amine, 0.8 ml, was added to an ice cold solution 
of N-benzyloxycarbonyl-L-phenylalanine, 3.0 gm, l-(3 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo 
ride (EDCI), 4.7 gm, and 4-dimethylaminopyridine 
(DMAP), 30 mg, in 50 ml of ethyl acetate with stirring. 
After 30 minutes, the reaction mixture was brought to 
room temperature and then left overnight. The reaction 
mixture was‘ then further diluted with ethyl acetate and 
washed twice with 20 m1 portions of 5% HCl, water, 
5% NaHCOg, and brine. Drying of the organic portion 
with anh. MgSO4 and concentration gave a residue 
which crystallized on standing; [a]D23=+1.9° C. An 
alternative procedure also used in the synthesis of the 
title amide involves the mixed anhydride method (see 
N. L. Benoiton, et a.l.,.J. Org. Chem, 1985, 48. 2939, and 
Org. Reactions, Vol. 12, pp. 195, 1962). 
The allyl amides corresponding to the derivatized 

amines set forth in Preparation 1 are prepared by this 
method: 
N-benzyloxycarbonyl-L-phenylalanine allyl amide; 
N-benzyloxycarbonyl-L-para-tyrosine allyl amide; 
N-benzyloxycarbonyl-L-ortho-tyrosine allyl amide; 
N-benzyloxycarbonyl-D-naphthylalanine allyl amide; 
N-benzyloxycarbonyl-D-para-chlorophenylalanine 

allyl amide; 
N-tert-butoxycarbonyl-L-phenylalanine allyl amide; 
N-benzyloxycarbonyl-L-aspartic acid allyl amide; 
N-benzyloxycarbonyl-N-e-tert-butoxycarbonyl-L 

lysine allyl amide; 
N-benzyloxycarbonyl-B-benzyl-L-aspartic acid allyl 

amide; 
N-acetyl-L-naphthylalanine allyl amide; 
N-benzyloxycarbonyl-glycine allyl amide; 
N-benzyloxycarbonyl-L-isoleucine allyl amide; 
N-[9-?uorenylmethyloxycarbonyl]-L-phenylalanine 

allyl amide; 
N-tert-butoxycarbonyl-O-benzyl-L-threonine allyl am 

ide; 
N-benzyloxycarbonyl-L-threonine allyl amide; 
N-benzyloxycarbonyl-L-alanyl-L-phenylalanine 

amide; 
N-benzoyl-L-phenylalanine allyl amide; 
N-benzyloxycarbonyl-D-phenylalanine allyl amide; 
N-benzyloxycarbonyl-L-naphthylmethylglycine allyl 

amide; 
N-benzyloxycarbonyl-L-'y-glutamine allyl amide; 
N-phthaloyl-L-phenylalanine allyl amide; 
N-benzyloxycarbonyl-D,L-meta-tyrosine allyl amide; 
N-benzyloxycarbonyl-L-meta-tyrosine allyl amide; 
N-benzyloxycarbonyl-L-Z-methoxyphenylalanine allyl 

amide; 
N-benzyloxycarbonyl-L-3-methoxyphenylalanine allyl 

amide; 
N-benzyloxycarbonyl-L-4-methoxyphenylalanine allyl 

amide; 

allyl 
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amide. ‘ 

PREPARATION 3 (Step D-Scheme II) 
N-tertbutoxycarbonyl allyl amine 

Di-tert-butyldicarbonate, 64 gm, was added portion 
wise at room temperature to allyl amine, 22 ml, in 400 
ml of CH2C12 with stirring. The reaction mixture was 
left overnight and then concentrated to give an oil 
which solidi?ed on standing. IR(KBr): 3340; 2962, 1690, 
1509 cm-1. 1H NMR (80 MHz, CDC13): delta 1.45 (s, 
9H, t-butyl), 3.6-3.9 (m, 2H, CHZN), 4.34-4.8 (broad s, 
1H, NH), 5.0-5.3 (m, 2H, CHgzC), 5.6-6.1 (m, 1H, 
—CH=C). 

N-benzyloxycarbonyl allyl amine was made in the 
same manner by utilizing benzyl chloroformate and 
triethylamine at 0° C. Cbz chloride, tosyl chloride, 
phthaloyl chloride and benzoyl chloride can similarly 
be used to obtain the corresponding allyl amine. 

PREPARATION 4 (Step E——Scheme II) 
5-(N-tert-butoxycarbonyl-aminomethyl)-3-bromo-4,5 

dihydroisoxazole 

To a solution of N-tert-butoxycarbonyl allyl amine, 
20 gm, in 700 ml of ethyl acetate and containing 65 gm 
of NaI-ICO3 and 50 ml of water, was added portion-wise 
80 gm of dibromoformaldoxime at room temperature 
with vigorous stirring. After completion of the reaction, 
the organic portion was washed with water (2><l00 
ml), 100 ml each of 5% NaHCO3, brine and ‘dried over 
anh. MgSO4 and concentrated to give an oil. Puri?ca 
tion by chromatography on silica gel gave the desired 
product as an oil which solidi?ed on standing. IR(KBr): 
3322, 2988, 1680, 1529 cm-1. 1H NMR (80 MHz, 
CDCl3): delta 1.45 (s, 9H, t-butyl), 2.8-3.5 (m, 4H, 
CHZCHO, CHzN), 4.6-5.1 (broad s, superimposed on a 
multiplet, 2H, NH, CHO). 
By substituting N-benzyloxycarbonylallyl amine for 

N-tert-butoxycarbonyl allyl amine, the following com 
pounds are made: 
5-(N-benzyloxycarbonylaminomethyl)3-chloro-4,5— 

dihydroisoxazole; and 
5-(N-benzyloxycarbonylaminomethyl)3-bromo-4,5 

dihydroisoxazole. 
These intermediates are active as transglutaminase 

inhibitors. ’ 

Similarly, N-phthaloyl allyl amine, N-benzoyl allyl 
amine, N-tosyl allyl amine or N-mesyl allyl amine can 
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be used to yield the corresponding substituted dihy 
droisoxazoles. 

PREPARATION 5 (Step F—Scheme II) 
5-Aminomethyl-3-bromo-4,5-dihydroisoxazole 

N-tert-butoxycarbonyl-5-aminomethyl-3-bromo-4,5 
dihydroisoxazole, 20 gm, was taken up in 400 ml of 20% 
CF3CO2H/CH2Cl2 at 0°. After 14 hrs, the reaction 
mixture was evacuated to an oil. The oil was taken up in 
5% Na2CO3 and the resulting basic solution was ex 
tracted repeatedly (5X40 ml) with CHZCIZ. The or 
ganic portions were combined, washed once with 30 ml 
of water, brine, dried over anh. MgSO4 and concen 
trated to give a light yellow oil. 1H NMR (80 MHZ, 
CDCI3): delta 1.2-1.4 (broad s, 2H, NH;), 2.7-3.5 (m, 
2H, CHZCI-IO), 3.1 (dd, 2H, J =8 Hz, CHZN), 4.65-4.9 
(m, 1H, CHO). The tartaric acid salt had: 1H NMR (80 
MHz, D20): delta 3.0-3.8 (ABX, 2H, CH gCI-IO), 3.25 
(broad d, 2H, J :65 Hz, CHZN), 4.5 (s, 2H, CH of 
tartaric acid), 4.8-5.2 ppm (m, 1H, CHO). 13C NMR (20 
MHz, D20): delta 179.1 (90), 143.4 (BrQzN), 80.43 
(9H0), 75.6 (QHO of tartaric acid), 47.2 (9H2), 44.6 
ppm (EH2) 

In the same manner the following amines were made: 
5-aminomethyl-3-methoxy-4,S-dihydroisoxazole; and 
5-aminomethyl-3-ethylthiyl-4,S-dihydroisoxazole. 
5-aminornethyl-3-ethylsulfonyl-4,S-dihydroisoxazole. 

In the case of S(O)R or S(O)2R, the compounds can 
be made by oxidizing 3-alkylthio- or 3-arylthio-4,5 
dihydroisoxazoles with MCPBA or with KNnO4; the 
latter class can also be obtained by the cycloaddition 
reaction set forth in this preparation. The sulfonamide 
moiety can be made by chloroamine treatment of 3 
thiyl-4,S-dihydroisoxazoles followed by oxidation. 

PREPARATION 6 

Resolution of 
5-aminomethyl-3-bromo-4,S-dihydroisoxazole 

The title compound was resolved as the mandelic 
acid salt. Hence 5-aminomethyl-3-bromo-4,5-dihy 
droisoxazole was taken up in ethanol and the solution 
was added to 1.0 equivalent of d-mandelic acid in meth 
anol. Crystallization from ethanol-water gave as the 
?rst crop, only one isomer of the mandelic acid salt of 
5-aminomethyl-3-bromo-4,S-dihydroisoxazole. 
[a]D23= + 120.6 (H2O). Basi?cation of the salt with 5% 
NaZCO3, extraction with CHgClg as above gave the free 
amine optically pure [a]D23= +2086 (CI-IgClg). 

PREPARATION 7 (Step F—Scheme II) 
5-Aminomethyl-3-chloro-4,S-dihydroisoxazole 

hydrochloride 
A solution of N-t-butoxycarbonyl-5-aminomethyl-3 

bromo-4,5-dihydroisoxazole 2, 12 gm in 300 mL of an 
hydrous THF was cooled to 0° (ice bath). Anhydrous 
HCl 5 to 6 gm (large excess) was bubbled in over a 
period of about 1 hour. The cooling bath was then 
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removed and the ?ask was left stoppered to stir for four 
days. The product was collected by ?ltration and the 
crystalline material washed well with an ether/hexane 
solution. Further product was obtained by condensing 
the ?ltrate and collecting the solid precipitate by ?ltra 
tion. The solid material was combined to afford 5.9 gm 

of 3-chloro-dihydroisoxazole hydrochloride salt. Note: 
The progress of the reaction can be monitored by ob 
serving the appearance of the 3-chlorine signal (approx 
imately 154.9 ppm) concomitant with the disappearance 
of the 3-bromine signal in the 13C NMR spectra. 

PREPARATION 8 

N-tert-butoxycarbonyl-5-aminomethyl-3-methoxy-4,5 
dihydroisoxazole 

W ‘VIeO_Na+ E 
(CH??-O-C-NHW Br 

0 — N l 

i? 
(cmhc-o-c-mrWOb/le 

0 —- N 

To a solution of N-tert-butoxycarbonyl-S 
aminomethyl-3-bromo-4,S-dihydroisoxazole, 317 mg, in 
30 ml of anhydrous methanol, stirring under nitrogen, 
was added sodium methoxide, 184 mg, at room temper 
ature. The course of the reaction was followed by tlc. 
After 48 hrs, a further 61 mg of sodium methoxide were 
added and after 50 hrs, the reaction was quenched with 
20 ml of a saturated solution of ammonium chloride. 
The methanol was removed in the rotary evaporator 
and the resulting residue was taken up in 30 ml of 
CHgClg, and washed with water and brine. Drying over 
anh. MgSO4 and concentration gave product as a clear 

colorless oil. IR(neat): 3350, 2980, 1710, 1631, 1520 
cm-1. 1H NMR (80 MHZ, CDCl3): delta 4.92 (broad s, 
1H, NH), 4.48-4.81 (m, 1H, CH0), 3.78 (s, 3H, OMe), 
3.21-3.39 (m, 2H, CHZN), 2.69-2.81 (m, 2H, CHZCHO), 
1.37 (s, 9H, t-butyl). 

In the same manner, N-tert-butoxycarbonyl-S 
aminomethyl-3-ethylthiyl-4,S-dihydroisoxazole was 
made by using sodium ethyl thiolate in dry DMF in 
stead of sodium methoxide in methanol. 

EXAMPLE 1 (Step C—Scheme I) 

5-(N—benzyloxycarbonyl-L-phenylalaninamidomethyl) 
3-bromo-4, S-dihydroisoxazole 
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EXAMPLE 3 (Step G-Scheme II) 
5~(N-benzyloxycarbonyl-L-phenylalaninamidomethyl) 

3-bromo-4,S-dihydroisoxazole 

B 

HZNW r 

Cbz-NH COOH 

NH/Yy Br 
ll 
0 . 

To a solution of N-benzyloxycarbonyl-L-phenylala 
nine, 0.84 gm, at —20° C. in 50 ml of dry CHC13, was 
added N-methyl piperidine, 0.34 ml, with stirring under 
argon. After 5 minutes, isobutyl chloroformate, 0.36 ml, 
was added dropwise and after 20 minutes, S-aminometh 
yl-3-bromo-4,S-dihydroisoxazole, [optically active 
[a]D23= +208.6(CH2Cl2)] 0.5 gm, was added dropwise 
in 10 ml of dry CHC13. One hour after the addition, the 
reaction mixture was brought to room temperature and 
three hours later, the reaction mixture was washed with 
20 ml each of 5% HCl, water, 5% NaHCO3, brine, and 
dried over anh. MgSO4 and concentrated to give a solid 
residue. Crystallization from CHCl3/pentane gave the 
title compound identical with the most polar isomer 
Obtained in Example 1. 

In the same manner, starting with the appropriate 
amine or N-protected amino acid, the following com 
pounds were made: 
5-(N-benzyloxycarbonyl-L-phenylalaninamidomethyl) 

3-methoxy-4,5-dihydroisoxazole; 
5-(N-benzyloxycarbonyl-L-phenylalaninamidomethyl) 

3-ethylthiyl-4,S-dihydroisoxazole; and 
5-(N-benzyloxycarbonyl-L—tyrosinamidomethyl)-3 

ethylsulfonyl-4,S-dihydroisoxazole, 87°-92° C. 
Additionally, using the appropriate starting materials 

from Preparations l and 5, the following are made: 
5-(N-benzyloxycarbonyl-L-para-tyrosinamidomethyl) 

3-methoxy-4,S-dihydroisoxazole; ' 

5-(N-benzyloxycarbonyl-L-ortho-tyrosinamidome 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D—naphthylalaninamidome 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D-para-chloro 
phenylalaninamidomethyl)3-methoxy-4,5-dihy 
droisoxazole; 

5-(N-tert-butoxycarbonyl-L-phenylalaninamidome 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-aspartic 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-glutamic 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

S-(N-benzyloxycarbonyl-5-(N-e-tert-butoxycarbonyl 
L-_lysinarnidomethyl)3-methoxy-4,5-dihydroisox— 
azole; 

5-(N-benzyloxycarbonyl-B-benzyl-L-aspartic 
amidomethyl)-3-methoxy-4,5~dihydroisoxazole; 

acid-amidome 

acid-amidome 

acid 
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5-(N-acetyl-L-naphthylalaninamidomethyl)-3-methoxy 

4,5-dihydroisoxazole; 
5-(N-benzyloxycarbonyl-glycinamidomethyl)-3 

methoxy-4,S-dihydroisoxazole; 
5-(N-benzyloxycarbonyl-L-isoleucinamidomethyl)-3 

methoxy-4,S-dihydroisoxazole; 
5-(N-[9-fluorenylmethyloxycarbonyl]-L 

phenylalaninamidomethyl)3-methoxy-4,5-dihy 
droisoxazole; 

5-(N-tert-butoxycarbonyl-O-benzyl-L 
threoninamidomethyl)3-methoxy-4,S-dihydroisox 
azole; 

5-(N-benzyloxycarbonyl-L-threoninamidomethyl)-3 
methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-alanyl-L 
phenylalaninamidomethyl)3-methoxy-4,5-dihy 
droisoxazole; > 

5-(N-benzoyl-L-phenylalaninamidomethyl)-3-methoxy 
4,5-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D-phenylalaninamidomethyD 
3-methoxy-4,S-dihydroisoxazole; ' 

5-(N-benzyloxycarbonyl-L-naphthylmethyl 
glycinamidomethyl)3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-y-glutaminamidomethyl)-3 
methoxy-4,S-dihydroisoxazole; 

5-(N-phthaloyl-L-phenylalaninamidomethyl)-3 
methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D,L-meta-tyrosinamidome 
thyl)-3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-meta-tyrosinamidomethyl) 
3-methoxy-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-Z-methoxy 
phenylalanamidomethyl)-3-methoxy-4,S-dihy 
droisoxazole; 

5-(N-benzyloxycarbonyl-L-3-methoxy 
phenylalanamidomethyl)-3-methoxy-4,S-dihy 
droisoxazole; 

5-(N-benzyloxycarbonyl-L-4-methoxy 
phenylalanamidomethyl)-3-methoxy-4,S-dihy 
droisoxazole; 

5-(N-benzyloxycarbonyl-L-3,4-dihydroxy 
phenylalaninamidomethyl)-3-methoxy-4,5-dihy 
droisoxazole; , 

5-(N-benzyloxycarbonyl-L-tryptophanarnidomethyl)-3 
methoxy-4,S-dihydroisoxazole; 

S-(N-benzyloxycarbonyl-L-5-hydroxytrypto 
phanamidomethyl)-3-methoxy-4,S-dihydroisoxazole; 

S-(N-benzyloxycarbonyl-L-phenylalanyl-L 
alaninamidomethyl)-3-methoxy-4,S-dihydroisox 
azole; ' 

5-(N-benzyloxycarbonyl-L-alanyl-L 
phenylalaninamidomethyl)-3-methoxy-4,5-dihy 
droisoxazole; 

5-(N-benzyloxycarbonyl-L-phenylalaninamidomethyl) 
3-ethylthiyl-4,S-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-para-tyrosinamidomethyD 
3-ethylthiyl-4,5-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-L-ortho-tyrosinamidome 
thyl)-3-ethylthiyl-4,5-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D-naphthylalaninamidome 
thyl)-3-ethylthiyl-4,5-dihydroisoxazole; 

5-(N-benzyloxycarbonyl-D-para-chloro 
phenylalaninamidomethyl)3-ethylthiyl-4,5-dihy 
droisoxazole; 

5-(N-tert-butoxycarbonyl-L-phenylalaninamidome 
thyl)-3-ethylthiyl-4,5-dihydroisoxazole; 

S-(N-benzyloxycarbonyl-L-aspartic acid-amidome 
thyl)-3-ethylthiyl-4,S-dihydroisoxazole; 






















